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Abstract 

Cytochrome P4S01A2 (CyPlA2) activity may be related 
to bladder cancer risk through metabolic activation of 
aromatic amines, such as 4-aminobiphenyl (ABP), to 
reactive intermediates that can form DNA and 
hemoglobin (Hb) adducts. In the context of a study on 
smoking and bladder cancer risk, 97 healthy male 
volunteers were investigated. CYPlA2-dependent N- 
oxidation activity was measured using a molar ratio of 
urinary caffeine metaboNte.s [(paraxanthine + 1,7- 
dimcthyluric acid)/catTcine] obtained between the fourth 
and fifth h after drinking a standardized cup of coffee. 
V-Oxidation activity was induced by blond tobacco 
smoke, meat consumption the dinner before the test, or 
more than four cups of coffee a day. The regular use of 
medication appeared associated with a decrease in JV- 
oxtdation levels. Age and alcohol consumption were not 
related with CYPIAZ activity. 

A polymorphic distribution of the CYPJA2 and N- 
acetyltransferase-2 (determined by the caffeine metabolite 
ratio 5-acetylamino-6-formylamino-3-niethyluracil: 1 - 
methyixanthine) phenotypes was examined in relation to 
susceptibility to ABP-Hb adduct formation. Rapid 
oxidizers and subjects with the combined stow acetylator- 
rapid oxidizer phenotype showed the highest ABP-Hb 
adduct levels at a low smoking dose. Blond tobacco 
smokers exhibited higher adduct levels compared with 
black tobacco smokers, after adjustment for the quantity 
of cigarettes smoked. At the highest levels of smoking 
exposure, no major difference in ABP-Hb adduct levels 
was found among the different combinations of CYPIA2 
and iV-acelyltransferase-2 phenotypes. In a subset of only 
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45 available samples, no association was seen between the 
ABP-Hb adduct levels and the glutathione 5-transferase 
Ml genotype. 

Introduction 

CYP}A2^ catalyzes the metabolism of many drugs and envi- 
roimienta) toxins and is respon.siblc for the metabolic activation 
of various carcinogens, such as aromatic amines (i.e., ABP) and 
heterocyclic amines (1). Large interindividual differences of 
hepatic CyPfA2-dependent JV-oxidation activity have been 
found in humans and are considered the basis for genetically 
determined differences in susceptibility to cancer ri.sk ari.sing 
from aromatic amine exposure. However, this variability could 
also be due to exposure to concomitant unidentified enzyme 
inducers and/or different degrees of respon.sivenes.s to such 
inducers. No polymorphic sequences in the structural CYFIA2 
gene that reflect interindividual differences in enzyme activity 
have been found yet (2). CVP/Al-rclated activity can be phe- 
notypically measured by assessing caffeine metabolites in the 
urine (3-4), because caffeine is .3-demcthylated by a CYP1A2- 
mediated reaction (5). 

In the context of a study on smoking and bladder cancer 
risk, we have investigated in healthy male smokers and non- 
smokers the factors that may influence C)7’/A2-re!ated activity 
and whether the level of ABP-Hb addncis is related to CiT/A2 
phenotype. 

ABP is a well-established bladder carcinogen in humans 
(6) and CF/’/A2-mediated A-oxidation is a necessary pathway 
leading to reactive interrnediates that form DNA and Hb ad¬ 
ducts (7). The level of adducts may be a predictor of bladder 
cancer ri.sk (8-9). 

Previous studies have suggested that gender, age, and 
ethnicity may affect the phenotypic expression of CYPJA2 
(10-11). To conU'o! for these inducing factors, we have studied 
a group of male Caucasians within a limited age range. 

In a previous study on this same population (12). we 
showed that ABF-Hb levels are associated with NAT2 pheno¬ 
types in a dose-related fashion; in particular, slow acetylators 
showed the highc.st ABP-Hb levels in those who smoke little. 
Therefore, in this study, we examined ABP-Hb levels by com¬ 
bined acetylator and A-oxidizer phenotypes according to smok¬ 
ing levels. In addition, in 45 study subjects for whom data on 
GSTMl genotype were available, the ABP-Hb levels by 
CSTMl genotype and by combined CYP1A2 phenotype and 
GSTM! genotype were also investigated- 


" The abbreviations used are: CYFl A2, cyUTchi'omc P45rilA2; ABP. 4-a£nit\Qbi- 
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tranjiferaise Ml; NiCO. (niuoiire - cotinine)/crcalin}nc: (I7X 4- )7UV137X. 
pai-axanlliine + 1.7*dimcthylaric acid/caffiiine; AFMU, 5-acelylainino-6- 
formylaminoO-ineitiyluracil; ix, l-inethyl.i^antliinc: PRR, prevalence raie raiio: 
NNK. 4.(aLcthyliiitrosamiiic>- l-(3pyri<lyl)-1 -butanonc. 
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Tahli? 1 Characteristics of .study subject 


Nicoiiae + codnine 

0 

<1.5 

1.5-h 

n 

40 

25 

26 

Age rangi; (yr) 

43-63 

46-454 

45-61 

coffee" 

11(28) 

8(32) 

14(54) 

Medication* 

10(2f>) 

10(40) 

4(15) 

Meuri’ 

18(45) 

12 (48) 

17(65) 

Wine”' 

22(55) 

19 (76) 

20(77) 

PAH' 

5(15) 

3(12) 

5(19) 


" Number (%) of subjetls who regularly drank four or more cups of coffee. 

^ Number (%) of subjccis who rcgulaiiy took niedicalion. 

‘ Number (%) of subjects who ate meal ai dinner hcl'nre the test. 

^ Number (%) ot subjects who regularly drank wine. 

^Number (%) of subjecOi with occupational ex.posure to polycyclic aromatic 
hydrocarbons. 


Materials and Methods 

One hundred white, healthy, male volunteers between the ages 
of 45 and 64 were recruited in Turin. Italy. Fifty subjects were 
currently non-smokers; 31 were blond (flue-cured) tobacco 
smokers; 16 were black (air-cured) tobacco smokers; and 3 
were pipe smokers (excluded from the study). All subjects 
signed an informed consent form and responded to a question¬ 
naire on smoking, coffee consumption, diet, occupation, med¬ 
ication use, and illness (demographic and other characteristics 
of study .subjects are described in Table I). Subjects were asked 
to avoid drinking coffee for 2 days prior to the study; then, on 
the morning of the interview, subjects provided 20-nil blood 
samples and urine samples between the fourth and fifth h after 
drinking a standardized cup of coffee. Blood components were 
shipped in dry ice to the Massachusetts Institute of Technology 
(S. T., P, Sk.) for ABP-Hb determination and to the National 
Cancer Institute (P. Sh.) for GSTMl genotype analysis. Urine 
samples were shipped to the lARC (H. B., now at the German 
Cancer Research Center, and C. M.) for nicotine and cotinine 
mea.Suremen(s and to the National Center for Toxicological 
Research (F. K.) for CyPIA2 and NAT2 phenotype analyses. 
Urinary levels of NICO were measured as described previcusly 
(13) as an indicator of recent smoke exposure. 

Caffeine and its metabolites were extracted from urine 
samples and analyzed by high-performance liquid chromatog¬ 
raphy, using a program that separated caffeine and all its known 
metabolites. The molar ratio of (17X -f 17U)/]37X, obtained 
between the 4th and 5th h after coffee consumption, was used 
as an index for CKf’M2-reIated enzyme activity (I). Probit 
analysis suggested the value of 4.6 as a cutoff point between 
rapid and slow oxidizers. Over the range of 20-60 ml urinerti, 
this metabolite ratio is independent of the urine flow rate and is 
closely correlated with results obtained using the caffeine 
breath test.^ 

The ratio of AFMU:1X was used to assign the acetylation 
phenotype (rapid acetyialors. ^0.6; slow acetylaiors. <0.6; 
Ref. 14). 

Capillary gas chromatography with detection by negative- 
ion chemical ionization mass spectrometry was performed for 
quantification of ABP covalently bound as sulfinic acid amide 
to cysteine 93^ of Hb (15). Results are expressed as pg ABP/g 
Hb. 

The GSTMl genotype was detected using a PCR-based 
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Table 2 

CYPIA2 activity by .srpoidnj exposure 

Exposure 

CYP1A2 aciiviiy® 

No. of subjects- 


Mean SD 


NiciHine -V eoiininc^ 

0 

40 

4.18 

3.02 

<1.5 

25 

4.06 

2.17 

1.5-2.4 

9 

4.74 

3.04 

2.5+ 

17 

4.64 

2,31 

Smoking categories 

Nonsmokers 

14 

3.35 

1.70 

Ex-smokers 

20 

4.22 

2.83 

Passive smokers 

10 

5.07 

4.04 

Cuircnt smokers 

45 

4.49 

2.49 

Blond tobacco <22)‘' 

30 

5,08 

2.62 

Black tobacco (23)‘ 

15 

332 

1.75 


“(i7X + 17U)/ld7X (urinary molar ratio of caffeine mclabuljtes). 
** Micromole-s per mmol creatinine. 

Mean cigarettes per day. 


method (16). Due to a shipping problem, only 45 samples were 
available for this analysis. 

Univariate descriptive methods and ANOVA with the 
SAS statistical package (17) were used for statistical evaluation 
(18). PRRs and their 95% confidence intervals were calculated 
to compare the proportion of subjects with ABP-Hb higher than 
the median value in rapid versus slow A-oxidizers (19-20). The 
use of PRRs was deemed preferable, in accordance with many 
authors (19, 21-22), to the other commonly used estimator 
prevalence odds ratio, because when the outcome being inves¬ 
tigated in cross-sectional studies (here, the proportion of sub¬ 
jects with ABP-Hb greater than the median value) is not rare, 
the odds ratio results in an inflated value away from 1.00. 

Results 

Some variables (i.e., ABP-Hb, A-oxidation activity, and 
GSTM!) were not normally distributed in the study population. 
Analyses with logarithmic and square root tran.sformations did 
not appreciably vary the results. Thus, results of the analyses 
with nontransformed variables are reported here. 

CyplA2-K\nxsd A-oxidalion mean levels did not appre¬ 
ciably change when .subjects were classified by increasing 
NICO levels (Table 2); neither did they show notable differ¬ 
ences by increasing nicotine or cotinine levels analyzed sepa¬ 
rately (data not shown). When current smokers were classified 
as blond tobacco and black tobacco smokers, blond tobacco 
smokers showed higher A-oxidation activity than black tobacco 
smokens (Table 2). This difference was present despite a similar 
number of cigarettes smoked per day in the two groups and the 
fact that black tobacco smokers showed higher NICO levels 
than blond tobacco smokers (23). Among the nonsmokers, the 
10 subjects exposed to pas.sive smoke showed the highest 
A-oxidation activity. Two current smokers showed an ex¬ 
tremely high level ot A-oxidation activity (ratios of caffeine 
metabolites, 32.3 and 39.3 versus mean level, 4,7). AH the 
variables tested with the intention of explaining these high 
values failed to show an association with A-oxidation activity. 
This finding appeared to be due to low urinary caffeine con¬ 
centrations, which were near the detection limit and resulted in 
inflated values of (I7X + 17U)/I37X. Thus, wc excluded these 
two subject.s from all the analyses reported here. 

In a two-way ANOVA with smoking (NICO or tobacco 
type) and espre.sso coffee consumption (four or less and more 
than four 4 cups per day) as independent variables, coffee 
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Table 3 Comparison of ABP-Hh adduct levels'* by CYPIA2 aciiviry aud smoking exposure 






CYV1A2 slow phenotype^ 

CYPIA2 rapid phenotype^ 


—, 

i 


Exposure groups 

ABP-Hb 

ABP-Hb 

PRR (95% Clr 



. 


Mean .SD 

Mean SD 



j Nicotine + cotininc*^ 


1 u 

28 

31.43 

24.43 

10 

2S.20 

17.69 

0.7 (0.09-5.54) 

* <1.5 

16 

62.25 

49.93 

9 

no. 11 

60.85 

1.8 (0.92-3.43) 

1 1,5-h 

14 

H9.71 

52.93 

12 

lCk8.83 

45.88 

0.9 <0.74-1.16) 

Smoking categories 








Non smokers + cx-smokers 

25 

2?. 12 

22.58 

7 

30.28 

21.37 

1.2 (.0.15-9.74) 

> Blond tobauco smokers (22y 

n 

87.23 

60,48 

17 

] 13.70 

51.32 

1.4 (0.9.3-1.99) 

Black tobacco smokers (2yf 

12 

154.41 

42.08 

3 

108.00 

52.51 

0.8 (0.33-1.94) 


"Ficograms per g hemoglobin. 

*(J7X + r7)/l37X; cutoff point, 4.6, 

'Effect: ABP > 56 pg/g hemoglobin {median value). Cl, coDfjdence interval. 
^Micromoles per mmol creatinine, 

' Mean cigarettes per day. 
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I drinking was related to a modest increase in A^-oxidation ac¬ 

tivity^ more evident in the model with NICO than in that with 

* tobacco ty^. However, the smali increase was not internally 
'j consistent in the different smoking strata. 

Age, urine volume, and alcohol consumption did not show 
^ associations with A^-oxidation activity (data not shown). Very 

I few subjects were exposed to polycyclic aromatic hydrocarbons 

, in the workplace (Table 1); this exposure was not related to 

CYPfA2 activity. No other occupational exposures resulted 
' from the questionnaires. 

Twenty-three subjects took medication regularly; they 
f showed a decrease in enzyme activity (mean, 3.24; SD, 1.87) in 
comparison to both subjects who took medication only the day 
! before the caffeine lest (mean, 4.61; SD, 2.82; n = 59) and 

^ .subjects who took no medication (mean, 4.83; SD, 2.78; n = 9; 

P = 0.09). The range of medications was very wide but did not 
f include known inducers of CYPIA2 (24). One subject regularly 
took antfconvulsanis and had ^V-oxidation activity of 2.3 and 
( ABP-Hb of 13 pg/g Hb. 

The 47 subjects who ate meat at dinner the day before the 
I study showed higher //-oxidation activity (mean, 4.99; SD, 

^ 2,95) in comparison with subjects (n — 44) who ate no meat for 

dinner (mean, 3.54; SD, 2.08). The difference reached statisti¬ 
cal significance {P = 0.008). Interestingly, the highest levels of 
/V-oxidation activity were found in those subjects who ate 
^ grilled or charcoal-broiled meat, but further analyses were 
limited by the small number of these .subjects (n — 3; mean, 
8,77; SD, 3.53). However, Moxidation was not associated 
either with meat consumption at lunch or at both lunch and 
dinner. Only three subjects ate cruciferous vegetables, such as 
broccoli or cabbage, at lunch the day before the study. Their 
Ai-oxidation activity was between 2.83 and 9.35. 

, In a previous study in the same cohort, probit analy.sis of 

the CYP1A2 phenotype showed an apparently trimodal (slow, 
i' intermediate, and rapid) distribution (1), but because there were 
very few subjects in the lowest category in - 4), we .simply 
dichotomized the distribution into slow and rapid phenotypes. 
A cutoff value for the caffeine metabolite ratio was identifiable 
in the range between 4.6 and 7.0. The value of 4.6 was used in 
. all analyses reported here. The use of higher value.s within the 
4,6-7.0 AZ-oxidation interval did not substantially alter our 

• finding.s. 

At increasing NICO levels, subjects with a slow oxidizer 
phenotype showed a monotomc increase in ABP-Hb, ranging 
from 31 to nearly 150 pg/g Hb (Table 3). A steep increase was 


aLso observed in subjects with a rapid phenotype; however, at the 
highest NICO level, the rapid-phenotype subjects failed to show a 
ftirther increase in adduct levels. Thus, the major difference in 
adduct levels between rapid and slow oxidizers was evident at 
NICO <1.5 pmol/mmnl creatinine. Similarly, in the analysis by 
tobacco type, rapid oxidizers showed the largest increase over 
slow oxidizers in ABP-Hb levels in blond tobacco smokers. In 
contrast, although limited by the low number of rapid oxidizers, 
black tobacco smokers showed a suggestive inverse partem. 

Elevated PRRs, estimating the probability of having 
•ABP-Hb levels higher than 56 pg/g Hb (median value) in rapid 
versus slow oxidizers, were found in the <1.5-fi.l NICO cate¬ 
gory and in blond tobacco smokers. These two increases were 
close to statistical significajice (Tabic 3). 

Results on NAT2 phenotype in these same .study subjects 
were available (12). Figs. I and 2 show adduct levels for 
combined acetyiator and A-oxidizer phenotypes and .smoking 
descriptors. At <1.5 pmoi NICO (low smoking exposure), 
adduct levels were highest in subjects with combined .slow 
acetyiator and rapid oxidizer phenotypes, whereas at the highest 
NICO values, the differences among phenotypes disappeared. 
Blond tobacco smokers followed a similar paitem of NICO, 
<1,5, and in black tobacco smokers, the “at-risk” combination 
of phenotypes did not show a high increase in adduct levels. 
The numbers, however, were too small for an interpretation of 
results in black tobacco smokers (only one subject had the slow 
acetylator-rapid oxidizer phenotype). 

Data on GSTMl genotype were available for 45 of the 
study .subjects. ABP-Hb levels (data from 2 subjects were 
missing) were slightly lower in subjects with the CSTMl null 
genotype (mean, 63.33; SD, 49,50; n — 24) in comparison with 
subjects with the wiid-type genotype (mean, 75.95; SD, 61.87; 
n = 19), but the difference was not statistically .significant. In 
these subjects, the ABP-Hb levels were not affected by the 
combined CYPJA2 phenotype and GSTKil genotype or by the 
combined NAT2 phenotype and GSTMl genotype (data not 
shown). 

Discussion 

A-Oxidation activity was measured through the (17X 4- 17U)/ 

137X caffeine urinary ratio, which was shown to better reflect 
the rate constant for the CTP;A2'eatalyzed 3-demethylation of 
caffeine in vivo (1) than other previously reported ratios, i.e., 
17X/137X (25), (AFMU 4- IX -h 1U)/17U (26). or (AAMU + 
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CYP1A3 Activil)' and AllP-Hb Adducts 


160 



0 /ow high 

Nicotine + Cotinine 


fig. ]. ABP-Hb adducts by combtna- 
lioii of CYPIA2 and NA'f2 phenotype*; 
and nicotme plus coitnine levels. Ad¬ 
ducts ate $xptoss©(j Rs pg ABP/g Hb; 
nicotine and cotintne arc measured in 
/umol/mniol creatinine; CYP1A2 and 
NAT2 phenotypes are calculated based 
on the urinary molac ratio of caffeine 
metabolites C(I7X -t- nU)/l37X and 
AFMU/IX, respectively]- P, rapid; S, 

slow. 


Fig. 2. ABP-Hb adducts by combina¬ 
tion of CYPIA2 and NAT2 phenotypes 
and tobacco type. Adducts are expressed 
as pg ABP/g Hb; CTFM2 and AA7^ 
phenotypes are calculated ba?;eil an the 
urinary molar ratit> of caffeine metabo¬ 
lites [(17X + t7U)/i37X and AFMU/ 
)X, respectively]. R. rapid: slow. 
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(Non + EX) - Smokers 


Blond 

Type ol tobacco 


Black 


IX + 1UV17U (11). Others (27) have suggested that the ratio 
of (17X + 17U)/137X reflects only a polymorphism in renal 
clearance of )37X, We did not find this result and agree with 
Birkett and Miners (28) that urinary caffeine concentration is 
independent of urine flow rate. Instead, there is a urinary 
constituent that exhibits urine flow dependence and often comi¬ 
grates W'ith caffeine.'* 


** F. F. Kadlubar. J. P. Young, N, P. Lang, N. E. Caporaso, and M. T. Ljndi. 
Correspondence re: teller lo the Edilnr by 6. X. Tung and W. KaJnw. sobniilled 
for puhlkalion. 


A/-Oxidation activity was found to be inducible by many 
substances. Based on the same number of cigarettes smoked, 
current blond tobacco smokers showed higher ACoxidation ac¬ 
tivity than black tobacco smokers. The search lor possible 
inducers in blond tobacco is difficult, because cigarette smoke 
contains more than 30CX) substance.s (29). Black tobacco smoke 
contains higher amounts of aromatic amines, but other com¬ 
pounds, such as the tobacco-spccific nitrosamines NNK and/or 
A''-nitrosoanatabine, are twice as high in blond as in black 
tobacco (30). NNK, one of the most potent carcinogens con¬ 
tained in tobacco (mainly derived from nicotme during tobacco 
cur ing; Ref. 29), is known to be also metaboliied by CYP1A2 
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(31). Whether NNK is also able to induce CKPM^-dependent 
enzyme activity, and thus to explain our findings, is not known. 
Another hypothesis to be tested is whether blond tobacco con¬ 
tains more tctrachJoro-ciibenzo(p)dioxin (TCDD)-]ike sub¬ 
stances that may induce CYPIA2 (32). 

The few pa.s.sive smokers in the study showed higher 
At-oxidation activity than nonsmokers who were not exposed to 
passive smoke. Because the type of tobacco inhaled was un¬ 
known, we were unable to evaluate whether this increase was 
due to side-stream smoke in general or to blond tobacco side- 
stream smoke. Thus, all subjects who reported exposure to 
side-stream smoke in the questionnaire were excluded from the 
analysis by tobacco type. 

Subjects who had more than four cups of coffee per day 
showed a .slightly higher enzyme activity level. This finding 
confirms the re.sults recently published by Horn et til. (33) and 
could be interpreted as due to the induction of /V-oxidation 
activity by caffeine. However, this is more likely to be due to 
the fact that rapid oxidizers con.sume more coffee, probably 
because they metabolize it veiy quickly (34). In fact, several 
studies have shown that caffeine itself does not induce its own 
metabolism (35). 

Overall, the A'-oxidation ratio in our study subjects was 
lower than in other non-Italian populations. An ethnic differ¬ 
ence in the constitutive expression of CyPM2 and/or a rela¬ 
tively lower meat protein intake in the Italian diet might be the 
explanation. In this regard, the subjects who ate meat at dinner 
only the day before the caffeine test showed a higher level of 
W-oxidation activity. This finding is consistent with other stud- 
ie.s that showed an induction of oxidative metabolism by high 
levels of dietary proteins (36). Although the sample size was 
small, the highest activity levels were found in three subjects 
who consumed charcoal-broiled or grilled rneat. A possible 
induction of CYPIA2 activity by heterocyclic amines or poly¬ 
cyclic aromatic hydrocarbons formed during cooking proce¬ 
dures, in addition to the protein intake, has been suggested (37). 
Conversely, no induction was seen when meat was eaten at 
lunch on the day prior to the .study. This is in accordance with 
animal data showing that maximal induction of CYPs occurs 
after a period of 10-12 h (38), which corre.sponds in our study 
to the time elapsed between dinner and urine sample collection. 
However, the absence of an increase in iV-oxidation activity in 
subjects who ate meat both at lunch and at dinner remains to be 
elucidated. 

A/-Oxidation activity was not associated with alcohol con¬ 
sumption. One explanation might be that in our study, only a 
very few subjects were beer drinkers, a group that exhibited a 
weak association with At-oxidation activity in a previous study 
(33). 

Regular use of medication was associated with a decrease 
of Ar-oxidation activity, as reported previously (33). Subjects 
took a large variety of drugs, and the analysis by single class of 
medication yielded limited infonnation given the small sample 
size. One subject, who was an ex-smoker, regularly took anti¬ 
convulsants and showed an average Af-oxidation level but one 
of the lowest ABP-Hb levels. A larger study is thu.s necessary 
to Confirm the inverse relationship between phenobarbital use 
and ABP-Hb levels suggested previously (39)- 

A'-Oxidation activity may also be genetically polymorphic 
in the population and may determine the variable human risk of 
tumors related to aromatic and lielerixiyclic amine exposure. 
The distribution of the CYPIA2 phenotype was previously 
investigated in our population by probit analysis, and a poly¬ 
morphism was suggested (!). 

The ABP-Hb levels were different in rapid versus slow 


oxidizers depending on the level of smoking exposure. In fact, 
at low smoking exposure, rapid oxidizers showed the highest 
ABP-Hb levels, but at higher smoking exposure, slow oxidizers 
had the highest adduct levels. This difference might be due to 
pharmacokinetics in which the rate-iimiting step in ABP me¬ 
tabolism changes with the do.se in the different phenotypes. 
Interestingly, the trend of increasing ABP-Hb by NICO in rapid 
oxidizers seem.s to parallel the type of smoking and bladder 
cancer risk relationship sugge.sted in studies that showed a 
leveling off of the dose-response curve at the highest doses 
(40-42). 

Results on NAT2 (a noninducible enzyme) activity were 
also available. Slow acetylators exposed to carcinogenic 
aiylamines are at increased bladder cancer risk due to their 
reduced detoxifying capacity (reviewed in Ref. 43). When the 
ABP-Hb levels were measured according to the combined NAT 
and At-oxidizer phenotypes, subjects with the rapid oxidizer- 
slow acetylator phenotype either had the highest adduct levels 
at a low dose of urinary NICO or were blond tobocco smokers. 
At increasing levels of smoking exposure, no major differences 
in adduct levels were found among the different combinations 
of phenotypes. This suggests that the excess risk entailed by 
carrying the at-risk phenotypes (slow A(472-rapid CYPIA2) 
particularly affects people with low smoking exposure. At 
higher levels, the phenotypic trait is overwhelmed by the to¬ 
bacco exposure. Other studies showed a similar pattern in the 
association between a susceptible genotype (t.e., the Mspl, 
lle-Val, and amino acid polymorphisms of the CYPIAI gene) 
and the risk of lung cancer in subjects exposed to cigarette 
smoking (44-46). In these studies, individuals with the at-risk 
genotypes were at remarkably high risk of cancer at a low do.se 
level of cigarette smoking, and the difference in susceptibility 
between genotypes was reduced at a high dose level. Moreover, 
subjects with the slow NAT2 phenotype and subjects with 
susceptible CYP2D6 and CYP2E] genotypes have been asso¬ 
ciated with increased adduct levels at a low do.se of smoking in 
other studies (8, 12). 

We did not find an association between the GSTMI gen¬ 
otype and ABP-Hb adduct levels. This finding is in contrast to 
what was recently shown (47),^ which suggested that GSTMI i.s 
involved in the detoxification of 3- and 4-ABP, The small 
number of observations in our study is likely the reason for this 
discrepancy. 

Our .study showed that the cytochrome CYP/A2 phenotype 
can be induced by a variety of substances in tobacco smoke and 
in the diet. Further research on a larger scale is necessary to 
characterize these inducers. In addition, forma! genetic studies 
supplemented by molecular investigations will be required to 
better understand the precise contribution of genetics to 
CYPtAZ activity. The finding of high ABP-Hb in rapid oxidiz¬ 
ers, either in subjeas with hie combined rapid CTFM2-slow 
NAT2 phenotype at low .smoking exposure or with expo.sure to 
blond tobacco smoke (containing less aromatic amines than 
black tobacco smoke), needs particular attention. Low levels of 
exposure to aromatic amines in the environment, in fact, is 
wide.5pread. 
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